Fig. S3
Optimized structure of isomer of 3, namely 3', with pairs of trans-diagonal P-I linkages equally oriented at the same side of the ring. Unique mode of chain-breaking in P 4 I 6 , 5 (step IVa)
As it has been lately noticed for P 4 derivatives with numerous I-substituents, the P-P bond to be cleaved is definitely less strained and allows the formation of exergonic derivatives. Thus, the formation of the adduct 5 . 2I 2 , involving a non-terminal P atom, is exergonic by -4.4 kcal mol -1 and reaches the Transition State, (5-9) TS with a barrier of +3.9 kcal mol -1 , which by itself lies lower in energy than the separated reactants. At this point, the I 3 grouping is already charged -0.63, although the corresponding electron density is far from accumulating at the most remote I atom, as indicated by the still scarce activation of the external I 2 unit (I-I distance of 2.89 Å). Yet, (5-9) TS appears as in other cases an early transition state, as indicated by the still relatively short P 2 -P 3 bond (2.35 Å) and the I 8 -P 2 -P 3 angle of 133.2°, which is still far from the linearity, which favours the P-P * population.
Yet these effects may be attained along the downhill pathway, which corresponds to a net energy gain of -10.4 kcal mol -1 at the intermediate 9 . I 2 . 9 with another -4.4 kcal mol -1 to be added for the complete disaggregation of the two diphosphine molecules.
Fig. S6
Step IVa for breaking the four-membered chain 5 into two equal diphosphine parts, 9. All the reported free energy values are given in kcal mol -1 .
Fig. S7
Step IVa bis for lateral breaking the four-membered chain 5 into a linear chain P 3 I 5 , 10 and PI 3 , 7. All the reported free energy values are given in kcal mol -1 .
Opening of the three-membered ring (PI) 3 , 6, in step IVb Fig. S8 illustrates some details on the profile determined by using our standard technique starting from compound 6. Thus, the aggregate 6 . 2I 2 , now very slightly exergonic (-0.6 kcal mol -1 ), eventually transforms into the three membered chain I 5 P 3 , 10, upon the P 3 ring opening thanks to two newly formed P-I linkages. In this case, the transition state (6-10) TS at +3.1 kcal mol -1 is slightly disfavoured with respect to the separate reactants, while the second I 2 molecule is only slightly perturbed with the I 8' -I 8 distance being 2.88 Å and I 8 is still as far as 4.52 Å from the P 2 atom. However, the reduction of the latter distance is highly stabilizing for the system with an overall free energy gain of -20.9 kcal mol -1 after (6-10) TS , while along the way there is evidence for the adduct 10 . I 2 . 7, which involves the I 8 -I 7 ' as subproduct. The final disaggregation of the 10 . I 2 . 7 adduct, affords a further stabilization of the system of -2.0 kcal mol -1 .
Fig. S8
Step IVb for the opening of the P 3 ring in 6. All the reported free energy values are given in kcal mol -1 .
Evolution of the dendrimer P(PI 2 ) 3 , 8, to separate the phosphine, 7, from the three-membered chain P 3 I 5 , 10 (step IVc). starting from the separate reactants there is still an exergonic balance of -3.2 kcal mol -1 , hence the process should proceed smoothly. The TS geometry is consistent with other observed ones, since the I 3 grouping with -0.73 charge is already quite isolated. The still scarce starching of the second I 2 molecule to 2.95 Å distance excludes a prevailing iodidic character at the terminal I 8 atom, hence with scarce possibilities of a nucleophilic attack on the remote P 4 atom, or better the P 4 -P 3  * level.
This and similar processes are more likely concerted, with the electron density delocalized from the P 3 lone pair being drifted from one to the other end of the I 3 grouping and then to the P 4 -P 3 linkage to be broken. At (8-10) TS , however, the latter distance is still scarcely elongates (2.35 Å), also because the I 8 -P 1 distance is still as large as 4.27 Å and moreover the I 8 -P 1 -P 4 angle is far from linearity (125.9°). Certainly, in the following descent toward the aggregate 10 . I 2 . 7 with an energy gain of -10.6
kcal mol -1 , all the previous parameters are more deeply affected. In particular, the P 1 … P 4 splitting is practically effective at the 3.20 Å distance, while the new I 7 -P 4 bond is already formed (2.48 Å) as well as the new I 7 * -I 8 * one of 2.79 Å) All the trends become somewhat more pronounced with the final separation of the three molecular components. The further free energy gain of -3.4 kcal mol -1 seems to indicate how their larger inner stabilities overcome the cementing effects, first of all the dispersion ones.
Fig. S9
Step IVc for the demolition of the dendrimer 8 into the three-membered chain 10 and the phosphine 7. All the reported free energy values are given in kcal mol -1 .
Mechanistic details of step V for the splitting of the three-membered chain P 3 I 5 , 10, in the diphosphine 9 and the phosphine 7.
Fig. S10 illustrates the evolution of the intermediate 10 in step V through the standard mechanism. In theory, the two I 2 molecules may alternatively anchor at one lateral or the central P atom of the chain.
The latter species (10 . 2I 2 ) centr , which is favoured by about -3.0 kcal mol -1 , was chosen as the starting point of the process, although it is clear that even by starting from (10 . 2I 2 ) later the same P-P cleavage could occur without major differences. In our analysis, we found a barrier of +2.3 kcal mol -1 at (10-9/7) TS , which does not represent an obstacle for the process, since it is already -3.0 kcal mol -1 lower than the separated reactants. Then, the reactivity proceeds smoothly toward the aggregate (9 . I 2 . 7), lower by -7.3 kcal mol -1 below. As in other cases, the in situ formed I 2 molecule, I 9 *-I 10 * diatomic, temporarily holds together the already formed products P 2 I 4 , 9, and PI 3 , 7, thanks to a possible contribution of the dispersion forces. The separation of the species is stabilizing by -4.0 kcal mol -1 possibly because of an extra-stabilization of the products, but also thanks to a favorable entropy.
Fig. S10:
Profile of step V allowing the P 3 I 5 , 10, dissociation into the diphosphine P 2 I 4 , 9, and the phosphine PI 3 , 7. Free energies in kcal mol -1 . 
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